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20.  ABSTRACT  (Continue  on  reearae  old*  If  neceaaary  and  Identity  by  block  number) 

This  is  a  generalization  of  Dungey's  1961  model  for  the  prototype  of  an  •open'* 
magnetosphere.  The  magnetic. field  lines  are  traced  by  superimposing  a 
uniform  B  field  parallel  to  the  geomagnetic  dipole  axis.  There  results  a  quasi- 
cylindrical  separatrix  (the  ^magnetopause*)  between  field  lines  that  intersect  the 
earth  and  those  that  do  not.  However,  the  magnetic  field  outside  the  magneto¬ 
sphere  can  be  multiplied  by  an  arbitrary  factor  (positive  or  negative)  without 
altering  the  field-line  geometry.  Any  discontinuity  in  Bat  the  ^magnetopause* 
is  supported  by  azimuthal  currents  there.  The  electrostatic  problem  is  _ 
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asymptotically  analogous  to  that  of  a  dielectric  cylinder  in  an  asymptotically 
uniform  electric  field  (which  owes  its  origin  to  the  solar  wind  in  this  case). 

It  is  easy  to  map  from  the  asymptotic  solution  inward  and  equatorward,  since 
the  magnetic  field  lines  are  treated  as  electric  equipotentials.  The  tan¬ 
gential  component  of  the  electric  field  is  continuous  at  the  magnetopause  but 
varies  between  limits  that  correspond  to  the  *open*  and  ^closed*  models  of  the 
magnetosphere,  as  defined  by  the  access  of  interplanetary  plasma. 
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Dungey  (1961)  and  Stern  (1973;  1977)  have  shown  how  the  recon¬ 
nection  of  magnetospheric  B -field  lines  to  "moving"  interplanetary 
magnetic -field  lines  can  generate  a  cross-tail  electric  field  and  thus 
a  magnetospheric  electric  field  that  is  consistent  with  the  commonly 
inferred  plasma-convection  pattern.  Alfven  (1975)  has  emphasized  in¬ 
stead  the  mapping  of  an  interplanetary  electric  field  into  the  magneto¬ 
sphere  to  produce  equivalent  results  that  are  possibly  easier  to  cal¬ 
culate.  The  purpose  of  the  present  work  is  to  generalize  somewhat 
the  concepts  put  forward  by  the  above  authors  and  to  provide  an  ex¬ 
plicit  mapping  of  the  interplanetary,  cross -tail,  and  magnetospheric 
electric  fields  for  a  simple  model  of  the  magnetospheric  B  field,  viz. , 
a  modest  generalization  of  that  introduced  by  Dungey  (196??! 

The  presence  of  magnetic  reconnection  at  the  magnetopause  dis¬ 
tinguishes  the  "open"  model  of  the  magnetosphere  from  the  "closed" 
model.  Interplanetary  field  lines  in  the  "closed"  model  are  draped 
around  an  identifiable  magnetospheric  surface  and  slide  over  it,  so 
that  none  can  be  traced  to  an  intersection  with  the  earth.  Converse¬ 
ly,  tail  field  lines  in  the  "open"  model  ultimately  become  interplan¬ 
etary  field  lines,  with  the  consequence  that  those  emanating  from  the 
appropriate  polar  cap  of  the  earth  can  be  traced  to  an  intersection 
with  the  sun. 


Although  the  foregoing  discussion  tends  to  emphasize  the  tracing 
of  magnetic  field  lines,  the  difference  of  major  dynamical  significance 
between  the  "closed"  and  "open"  models  involves  the  mapping  of  inter¬ 
planetary  and  magnetospheric  electric  fields.  A  certain  model  mag¬ 
netosphere  introduced  by  Dungey  (1961),  although  unrealistic  in  cer¬ 
tain  respects,  serves  to  illustrate  important  relationships  in  the  elec¬ 
trostatic  phenomenology  of  reconnection.  The  model  magnetosphere 
is  based  on  the  expression 

B  =  -  gPv[  (a^/r^)cos  6  -  (a^r/b^)co*  6],  (1) 

in  which  _a  is  the  planetary  radius,  a^g.^  is  the  planetary  magnetic 
moment,  r  is  .the  distance  from  the  center  of  the  planet,  6  is  the  co¬ 
latitude,  and  b  is  the  radius  of  the  circle  of  vanishing  B^  that  is 
found  in  the  equatorial  (6  =  ir/2)  plane  of  this  model  field.  The  cir¬ 
cular  neutral  line  of  the  model  field  corresponds  (in  some  sense)  to 
the  dayside  neutral  points  and  nightside  field  cusp  characteristic  of 
real  magnetospheres.  Moreover,  the  neutral  line  serves  to  separate 
field  lines  belonging  to  the  three  classical  topologies:  closed,  tail. 
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Convenient  labels  for  field  lines  are  derived  from  values  of  the  con¬ 
stant  ascertained  by  taking  the  limits  r  0  and  z  ■  r  cos  0  —  00. 

One  thus  identifies  either  an  L  parameter  (motivated  by  the  similarity 
of  B  to  a  dipole  field  for  r  <c  b)  or  a  value  of  pa  (asymptotic  dis¬ 
tance*  from  the  field  axis): 

r/sin20 
1  +  ^(r/b)3 


■( 


La,  r  —  0 
2b3  /  p  2  ,  z  —  oo 


(3) 


Since  both  labels  are  valid  simultaneously  for  tail  field  lines,  one  finds 
that  L  -  2b^/pja  for  these.  The  separatrix  bears  the  field-line  labels 
of  the^circle  r  =  b  on  the  equatorial  (0  =  ir/2)  plane,  viz.,  L*  »  2b/3a 
and  p  =  *s/7  b.  This  corresponds  to  the  magnetopause  and  nightside 
neutral  sheet. 


The  foregoing  development  follows  that  of  Dungey  (1961),  as  elab¬ 
orated  by  Stern  (1973),  HUl  and  Rassbach  (1975),  and  Alfven  (1975). 

To  these  various  authors  it  seemed  natural  to  identify  the  tail  field  Bt 
=  (a/b)3g.®  with  the  interplanetary  magnetic  field  .  This  would  be  a 
valid  identification  if  one  took  (1)  to  apply  everywhere.  However,  it  Is 
clear  that  the  configuration  of  interplanetary  field  lines  would  be  unaf¬ 
fected  if  one  assigned  an  entirely  different  value  of  g^  to  field  lines 
that  do  not  intersect  the  planet.  Thus,  it  is  entirely  proper  to  derive 
the  magnetospheric  field  from  (1)  and  the  interplanetary  field  from  the 
expression 

B  =  -  g°vr  (b3/r2)cos  0  -  r  cos  0  ]  (4) 

with  no  expectation  that  gj  =  (a/b)3g^  nor  even  that  g^  and  g®  have 
the  same  sign.  This  is  the  course  pursued  in  the  present  work,  which 
otherwise  constitutes  an  implementation  of  the  mapping  proposed  by 
Alfven  (1975),  at  least  in  certain  limits.  Any  resulting  discontinuity  in 
B  can  be  supported  by  an  azimuthal  ( f)  current  flowing  on  the  magne- 
tosphpric  surface.  Thus,  it  is  natural  to  identify  B«  =  gP  and  B*  = 
(*/brgP  with  no  expectation  that  the  interplanetary  field  and  tail  field 
are  equal,  nor  even  of  the  same  sign  (Schulz,  1976). 

It  is  convenient  to  postulate  an  asymptotically  uniform  (cf.  Alfven, 
1975)  interplanetary  electric  field  E^  =  -  (l/c)u^XB,  as  p  —  oo  (u  being 
the  asymptotic  solar -wind  velocity f^and  an  asymptotically  uniform"*cross- 
tail  electric  field  Et  »  -jrEt  a*  *  06  *or  P®  <  P®  *  "where  y  * 

r  sin  0  sin  f.  Tfiese  postulates  are  made  consistent  with  Maxwell's 
equations  by  introducing  the  electrostatic  potentials 

v  *  E,  p.  I  1  -  <p*/|>„)2[  1  -  (Ee/E,)]  (  .In  f  (5) 

* 

for  Interplanetary  field  lines  ( p9  >  P9 ), 

V  *  E.  p  sin  f  *  E.b  (2b /La) 1/2 sin  f  *  E.  b  (SL^/L)1  /2sln  f 
t r  ®  t  c 

(6) 
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for  tail  field  lines  ( <  p * ,  L  >  l!*)t  and 

V  *  (3)1/2Etb(L/L*)n+1sin  ?  (7) 

for  closed  field  lines  (L  <  L*).  The  forms  of  (6)  and  (7)  were  sug¬ 
gested  by  Volland  (1975)  under  the  assumption  that  B  was  dipolar. 

The  present  magnetospheric  model  (cf.  Hill  and  Rassfcach,  1975)  of-^ 
fers  a  rationale  for  the  auroral  discontinuity  of  E  =  -  V  V  at  L  *  L  . 
The  parameter  ii  in  (7)  is  arbitrary,  but  VollancT*(1975)  recommends 
the  value  n  *  l.~  The  value  n  *  0  had  been  introduced  by  Brice 
(1967)  and  used  by  many  subsequent  investigators. 

The  particular  form  of  (5)  is  dictated  by  (a)  the  asymptotically 
cylindrical  geometry  attained  as  z  —  oo  and  (b)  the  requirement  that 
the  tangential  (?)  component  of  E  -  •  VV  be  continuous  across  the 
magnetopause  in  a  static  model.****  The  other  tangential  component 
(fi*E)  is  also  continuous;  fh  fact,  it  vanishes  everywhere  since  V 
is  a  function  only  of  the  field-line  labels  (L,  ,  ?).  Kennel  and 

Coroniti  (1975)  define  the  reconnection  efficiency  «  as  «  =  E^/Ej. 

The  relevance  of  this  definition  is  well  illustrated  by  (5).  For  «  = 

0  the  tangential  component  of  E  vanishes,  and  so  there  is  no  trans¬ 
port  of  interplanetary  plasma  (via  E  X  B  drift)  into  the  tail  of  the 
magnetosphere.  This  case  corresponds  to  the  "closed"  model,  since 
the  drift  of  plasma  attached  to  interplanetary  field  lines  is  diverted 
around  the  magnetopause.  For  <  =  1  the  interplanetary  electric 
field  is  "uniform"  even  up  to  the  magnetopause  itself.  There  is  no 
diversion  of  the  drift  of  plasma  attached  to  interplanetary  field  lines, 
and  so  the  interplanetary  plasma  drifts  quite  freely  across  the  mag¬ 
netopause.  This  case  corresponds  to  the  "open"  model  of  the  mag¬ 
netosphere  and  illustrates  quite  well  the  definition  of  reconnection 
proposed  by  Vasyliunas  (1975)  as  "the  process  whereby  plasma  flows 
across  a  surface  that  separates  regions  containing  topologically  dif¬ 
ferent  magnetic  field  lines."  No  reference  to  the  "motion"  or  to  the 
"breaking  open"  of  such  field  lines  is  really  necessary  (Alfven,  1975). 

The  above  equations  admit  intermediate  values  (0  <  «  <  1)  of  the 
reconnection  efficiency  and  thus  permit  a  continuous  transition  between 
the  "closed"  and  "open"  models.  The  equations  also  admit  values  of 
c  that  lie  outside  this  range.  However,  values  of  c  >  1  tend  to  fo¬ 
cus  the  flow  of  interplanetary  plasma,  thus  diverting  the  drift  velocity 
toward  normal  incidence  on  the  magnetopause.  Values  of  c  <  0  cre¬ 
ate  a  "forbidden  zone"  outside  the  magnetosphere,  a  buffer  zone  that 
truly  interplanetary  plasma  is  not  allowed  to  enter.  The  present 
model  is  not  a  dynamical  model  but  a  phenomenological  one.  The 
dynamically  unrealistic  possibilities  «  >  1  and  «  <  0  should  probably 
be  excluded  from  the  model  on  physical  grounds.  It  is  interesting 
that  the  case  «  £  0  would  likely  correspond  to  the  case  of  a  north¬ 
ward  interplanetary  B  field  outside  the  earth's  magnetosphere,  since 
it  is  in  this  case  that* the  interplanetary  electric  field  E^  *  -  (l/c)u 
X J3|  would  be  directed  from  dusk  toward  dawn.  Perhaps  one  should* 
seT  t  *  0  in  this  case.  The  equations  proposed  in  the  present  work 
assure  in  all  cases  a  continuous  E^  at  the  magnetopause.  However, 
the  normal  component  of  the  drift  velocity  (and  therefore  the  plasma 
density)  may  well  be  discontinuous  across  the  magnetopause,  since 
there  is  no  requirement  between  (1)  and  (4)  that  the  tail  field  and  the 
interplanetary  B  field  be  equal  in  magnitude  or  direction  there. 
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Figure  1  (not  cited  in  text).  Meridional  (noon-midnight)  section  of 
magnetospheric  model  used  here  (see  also  Dungey,  1961;  Stern,  1973; 
Alfven,  1975;  Hill  and  Rassbach,  1975;  Schulz,^  1976)  for  mapping  E 
and  B.  Open  field  lines  correspond  to  L  >  L  .  The  earth's  angu^" 
lar  velocity  Q  and  the  azimuthal  (?)  component  of  E  are  directed 
as  shown. 
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LABORATORY  OPERATIONS 


The  Laboratory  Operations  of  The  Aerospace  Corporation  Is  conducting 
experimental  and  theoretical  Investigations  necessary  for  the  evaluation  and 
application  of  scientific  advances  to  new  military  concepts  and  systems.  Ver¬ 
satility  and  flexibility  have  been  developed  to  a  high  degree  by  the  laborato¬ 
ry  personnel  In  dealing  with  the  many  problems  encountered  in  the  Nation's 
rapidly  developing  space  systems.  Expertise  In  the  latest  scientific  develop¬ 
ments  Is  vital  to  the  accomplishment  of  tasks  related  to  these  problems.  The 
laboratories  that  contribute  to  this  research  are: 

Aerophyslcs  Laboratory:  Aerodynamics;  fluid  dynamics;  plasmadynamlcs; 
chemical  kinetics;  engineering  mechanics;  flight  dynamics;  heat  transfer; 
hlgh-power  gas  lasers,  continuous  and  pulsed,  IR,  visible,  UV;  laser  physics; 
laser  resonator  optics;  laser  effects  and  countermeasures. 

Chemistry  and  Physics  Laboratory;  Atmospheric  reactions  and  optical  back¬ 
grounds;  radiative  transfer  and  atmospheric  transmission;  thermal  and  state- 
specific  reaction  rates  in  rocket  plumes;  chemical  thermodynamics  and  propul¬ 
sion  chemistry;  laser  Isotope  separation;  chemistry  and  physics  of  particles; 
space  environmental  and  contamination  effects  on  spacecraft  materials;  lubrica¬ 
tion;  surface  chemistry  of  insulators  and  conductors;  cathode  materials;  sen¬ 
sor  materials  and  sensor  optics;  applied  laser  spectroscopy;  atomic  frequency 
standards;'  pollution  and  toxic  materials  monitoring* 

Electronics  Research  Laboratory:  Electromagnetic  theory  and  propagation 
phenomena;  microwave  and  semiconductor  devices  and  Integrated  circuits;  quan¬ 
tum  electronics,  lasers,  and  electro-optics;  communication  sciences,  applied 
electronics,  superconducting  and  electronic  device  physics;  millimeter-wave 
and  far-infrared  technology. 

Materials  Sciences  Laboratory:  Development  of  new  msterlels;  composite 
msterlals;  graphite  and  ceramics;  polymeric  materials;  weapons  effects  and 
hardened  materlala;  Mterlals  for  electronic  devices;  dimensionally  stable 
materials;  chemical  and  structural  analyses;  stress  corrosion;  fatigue  of 

metals. 

Specs  Sciences  Laboratory:  Atmospheric  end  ionospheric  physics,  radia¬ 
tion  from  the  atmosphere,  density  and  composition  of  the  atmosphere,  eurorse 
end  elrglow;  msgnetoapherlc  physics,  cosmic  rays,  generation  and  propagation 
of  plasma  waves  In  ths  magnstosphera;  solar  physics,  x-ray  astronomy;  the  effects 
of  nuclear  explosions,  magnetic  storms,  and  solar  activity  on  the  earth's 
atmosphere,  ionosphere,  and  magneto sphere;  the  affects  of  optical,  electromag¬ 
netic,  and  particulate  radiation*  in  specs  on  space  eystMs. 
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